Morphological characterization of skeletal cells in Cbfa1-deficient mice.
To clarify the mechanisms by which core-binding factor-alpha1 (Cbfa1), an essential transcription factor in osteogenesis, functions in osteoblast matrix formation, as well as in chondrocyte differentiation and osteoclastic bone resorption, Cbfa1-deficient embryonic mice were investigated ultrastructurally and histocytochemically at 18.5 days postcoitum. In homozygotic mice, both endochondral and intramembranous ossification were arrested, although bone tissue had already formed at this stage in the wild type. The tibiae of homozygotic mice were characterized by calcified cartilage and alkaline phosphatase (ALP)-positive perichondrium, whereas membranous structures indicating the presence of ALP activity in the lateral portion were observed in the calvariae, rather than the bone tissue. Most of the ALP-positive perichondrial cells in homozygotic tibiae possessed a spindle-shaped cell contour and small cytoplasm, the extracellular matrix of which contained neither type I collagen nor calcifying matrix vesicles. In contrast, some perichondrial cells at the very middle part of tibiae became flattened. In the vicinity of these cells, a thin layer of type I collagen-based calcified matrix, containing osteopontin, bone sialoprotein, or osteocalcin, was observed. In the cartilage of mutant mice, we observed a hypoplasic zone of proliferative chondrocytes, the flattening of hypertrophic chondrocyte-like cells, and calcified chondrocytes which, while not degraded, did display a high level of cell function. Mononuclear osteoclastic cells were found in the perichondrium, near calcified chondrocytes, in mutant mice. Multinuclear osteoclasts possessing H+-ATPase and ruffled borders were also present, although only in limited numbers. Neither the development of ruffled borders nor intracellular polarization was complete. Because the majority of osteogenic cells in Cbfa1-deficient mice can neither form nor calcify the bone matrix, Cbfa1 principally plays essential roles in osteoblastic differentiation and bone matrix formation. Cbfa1 also affects both the proliferation and the differentiation of chondrocytes, whereas its absence prevents normal osteoclast formation and related functions.